Background and purpose: The control of environmental pollution especially the pollution of water resources is one of the main challenges of researchers throughout the world. So, this study aimed to investigate the efficiency of reactive black 5 dye removal from aqueous solutions by adsorption onto activated carbon of grape seed. Materials and Methods: At first, the grape seed adsorbents were prepared in three forms of raw, treated by concentrated phosphoric acid, and calcined at 400, 600, and 800 C. Then, the efficiency of adsorbents to the removal of the Black 5 dye was studied in the concentrations of 100 to 700 mg/Lat pH 2-10 and 1-10 g/L of adsorbent during 120 min. The change of concentration was studied via the spectrophotometry procedure at the wavelength of 597 nm. Finally, the Langmuir and Freundlich adsorption isotherm was determined.
Introduction
The increase of dye production and its application around the world results in producing wastewater with the high pollution which causes concerns in the case of creating environmental pollutions (1) . The dye wastewater is produced in different industries, such as textile and dyeing industries, pharmaceutical industry, food industry, production of cosmetics, and paper and leather industry (2) . The dye wastewater discharge leads to the undesirable appearance, reducing water usage for the urban, agricultural, and industrial uses, and the inappropriate environment for the recreational uses. Also, the presence of aromatic rings in these dyes has the carcinogenicity and mutagenicity effects and threats the human and animal's life (3) . About 12% of dye used in the textile industry enters wastewater, of which 20% is discharged into environment without purification (4) . In recent years, industries have been under the pressure of authorities and public opinions to purify the wastewater before discharging into the environment. The reactive Black dye is one of the most common dyes used in the textile industry which consists of a diazo moiety and four phenolic groups, and is decomposed into sulfonate anions after being dissolved in aqueous solutions. The reactive Black dye produces the dark blue dye after dissolving which is due to the aromatic rings linked to the azo groups (5) . Therefore, the removal of dye from these wastewaters is essential. By the development of textile dye productions, the new dyes are introduced which have the better dyeing properties but this quality improvement results in the stability of dye structures and increases their resistance against the biodegradation and chemical processes. The majority of dyes used in textile industries are non-biodegradable due to the formation of strong complexes, and the common processes of wastewater purification, such as coagulation, flocculation, and chemical precipitation, are not considered as effective removal methods (6) . In addition, these techniques have further limitations and problems, such as high costs, production of sludge, and insufficient efficiency (7) . Among these processes, the adsorption method is an environmentally friendly, simple, and economic procedure which has widely been considered in the recent decades. However, the main challenge related to the adsorption process is finding a low-cost adsorbent. To reduce the cost of preparation, using lowcost materials, such as agricultural crop and industrial residues, is mainly considered as a potential option for producing activated carbon (8) . The grape seed is known as a low-cost, natural, and available adsorbent, and has been used in some research for the removal of pollutants. In 2012, M. Al Bahri et al. used the activated carbon, prepared from the grape seed after the chemical activation by phosphoric acid, for the removal of diuron from water (9) . In 2009, Didem Ozcimen applied the activated carbon of chestnut bark and the grape seed for the removal of copper from aqueous solutions (10) . The purpose of this research was investigating the efficiency of activated carbon obtained from the grape seed in the adsorption of Black 5 dye from the synthetic water samples. 
Material and methods
All chemicals, such as the reactive Black 5 dye C26H21N5Na4O19S6 (RB5), sodium hydroxide, and hydrochloric acid were purchased from the Merck Company, Germany. The double distilled water was used in all steps. The adjustment of pH was done via the Denver Ultra basic-UB10 made in America device using hydrochloric acid and sodium hydroxide 1 N (11). To prepare the adsorbent, the grape seed was used as raw, treated by the concentrated phosphoric acid in the proportion of 3:1, and also calcined at 400, 600 and 800 C. To remove the pollutions, and especially the dyes, first, the grape seed was boiled in boiling water till the dye disappeared, and dried at 120 C for 24 hours to be used in the carbonization step. After determining the initial structural properties of the grape seed (carbon, nitrogen, hydrogen, sulfur, and volatiles), it was heated by an electric furnaces (a horizontal type of Alfa model) at 0, 300, 500, and 800 C (the temperature should already be reached to the desired level) for 60 min. The produced carbon was weighed for determining the humidity percentage and the amount of obtained adsorbent, and kept into the sealed container of desiccator in a cool place. The dye used in this research is commercially named as the reactive Black 5 (RB5) with the molecular weight of 991.82 from the diazo dye groups, which is widely used in paper and textile industries. Its maximum light absorption spectrum is at 597 nm (5) . The solution of reactive Black 5 with the concentration of 1000 mg/L was prepared using the distilled water, and the stock solution was kept in the refrigerator to prevent the concentration changes. Using the stock solution of Black dye, the determined concentrations (100, 200, 300 and 700 mg/L) were prepared, and then the effects of pH and the amount of adsorbent were studied regarding the achievement of the highest efficiency. The solution pH was adjusted in the range of 2 to 10 using nitric acid and sodium hydroxide 0.1 M. After setting the experimental conditions, adsorbent (10 g) was added to the 1000 mL of solution containing the determined concentrations of dye, and then reacted on the shaker with the rate of 100 rpm for 120 min. After 12 min, the samples were filtered using the Whatman filter paper with the thickness of 42 m, and the concentration of dye remained in the solution was characterized by the UV-Vis spectrophotometer method at the wavelength of 597. Also, the removal percentage was calculated through the following formula.
At the end, about 100 samples were evaluated through double test based on one factorial method, where C0 is the initial concentration of dye, and Cf is the concentration of dye remained after the adsorption. The results were then keyed in a table using Microsoft Excel Software-2013 so as to determine the highest removal percentage, and the optimum parameters were then reported. To specify the maximum adsorption and determine the optimum conditions for the optimal adsorption, the Langmuir and Freundlich adsorption isotherm was performed. The Langmuir model is one of the most significant onelayer adsorption models, and is based on a fixed number of adsorption sites in which each site has the adsorption ability of one molecule. All sites are in equal conditions, and there is not any connection between the (
Here, qm is the maximum adsorption capacity (mmol/g), and b is the Langmuir adsorption constant. To calculate these two parameters, the Ce/qe versus Ce graph should be drawn. Another isotherm adsorption model is the Freundlich model. The Freundlich model is based on one-layer adsorption on the heterogeneous adsorption sites with unequal and opposite energies. In Freundlich model, when Kf increases, the adsorption capacity of adsorbent rises. Also, the amount of n between 1 and 10 illustrates the appropriate adsorption process as follows:
In this formula, n and K are the Freundlich constants. This model can be easily introduced by drawing the logarithmic and linear form (11).
Results
Due to the high efficiency of raw grape seed adsorbent -rather than the other types of adsorbents -that was produced and used in this sudy, the surface morphology of raw grape seed was characterized using SEM micrograph, as shown in Figures 1A and B . The SEM micrograph, shows that it is Smooth and uniform surface and Nonporous. The BET surface area of grape seed was measured by means of standard BET equation, of which its value is 623 m 2 /g and mesopore volume (0.17 cm 3 /g). The pHpzc "pH drift" of grape seed adsorbent was also determined to be 8.1, signifying a positive surface charge for a solution with a pH below 8.1 and a negative surface charge for a solution with a pH greater than 8.1, as shown in Figure 1C (12) (13) (14) (15) . Figure 1D also illustrates the FTIR spectrum of grape seed adsorbent, including the peak wave numbers and the corresponding assigned groups. This result implies that a complex grape seed adsorbent surface is involved in adsorbing dye (16) (17) (18) . Figure 2 depicts the effects of varying adsorbent types (raw, acidic treated, and calcined adsorbents) on the dye adsorption by the grape seed at different temperatures. Figure 2 shows that the acidic treated and calcined adsorbents did not have great impact on the dye adsorption by the grape seed, and the highest percentage of adsorption (51.97%) was achieved when the raw adsorbent was used. Figure 3 shows the effects of pH changes on the adsorption of Black dye in the pH range of 2-10. As illustrated in the figure, a considerable increase in the pH level from 2 to 3 decreased the dye adsorption, leading the decreasing trend to be mild. Whereas, after reaching neutral pH, a slight increase in pH level reduced the adsorption. As a result, the highest removal percentage (83.08%) was obtained at pH 2. Figure 5 shows the effect of initial concentration of dye on the adsorption rate.
As depicted in the figure, raising the initial concentration of dye from 100 to 700 mg/L reduced the dye removal yield, so that the adsorption percentage of 100-300 mg/L was between 77-87%, while in higher concentrations, the adsorption rate decreased and reached 48.97% in the concentration of 700 mg/L. Figure 6 , on the other hand, shows the effect of contact time on the dye adsorption rate. As illustrated in it, increasing the contact time raises the dye removal yield. At t = 120 min, adsorption yield of the Black dye was found to be about 83.08%, resulting in the optimal contact time to become 120 min. Figure 7 depicts the effect of varying liquid temperature on the dye adsorption rate. As shown in the figure, in the current study, decreasing temperature raised the dye removal yield, so that reducing temperature from 50 to 27 C increased the dye adsorption yield from 33.40% to 83.08%. Figures 8 and 9 illustrate the amount of substance adsorbed at constant temperature. According to the regression coefficients (R 2 ) of these two adsorption models which are 0.999 and 0.9291 for the Langmuir and Freundlich isotherms, respectively, it can be concluded that the adsorption of Black 5 dye by the grape seed follows the Langmuir adsorption isotherm considering the higher level of correlation coefficient. 
Discussion
The results of the present study revealed that the pH of dye wastewater is greatly effective on the dye adsorption and the adsorption capacity. This issue is caused by the changes of functional group ionization in the adsorption sites and finally the charge changes of adsorbent surface and ionization of substances present in the solution (19) . Figure 3 shows the effect of solution pH on the adsorption capacity of activated carbon prepared from the grape seed. As depicted in the figure, the Black 5 dye was removed from the aqueous solutions at acidic pH with the high yields, so that the adsorption decreased from 83.08 to 58.97% by increasing pH from 2 to 10. In 2015, Narooie et al. evaluated the efficiency of ashes from palm and pistachio wastes in removal of reactive red 120 dye from aqueous, and reported that increasing pH decreased the removal efficiency. They found that this issue can be due to the close connection between the bonds of adsorbent site and hydrogen ions at acidic conditions which acts as a ligand bond between the adsorbent surface and dye molecules (18) . In Jaqueline Moura et al. compared the different physical forms of chitosan for the removal of reactive Black 5 from aqueous solutions, and reported that increasing pH decreased the removal yield, hence by reducing pH from 8 to 4, the yield reached about 99%. They believed this event was due to an increase in the level of H + ions in the solution which could then facilitate the conversion of R-NH2 + to R-NH3 + (20) . Dotto et al. evaluated the adsorption rate of Reactive Black 5 on chitosan-based materials, and reported that lower pH reactive black 5 adsorption was done better than higher pH (21) . Zandi Pak and Ardakani investigated the removal of anion anionic dyes (blue 106 and green acid 25) by the oxidized multi-walled carbon nanotubes, and reported that increasing pH from 2 to 7 decreased the removal yields, so that at pH 2, the yields of 95% and 89% were achieved for the blue 106 dyes and green acid 25 adsorption, respectively (22) . Also, the solfunate functional group presented in the dye was deionized in the water to create the anionic form of the molecule. On the other hand, raising pH resulted in increasing negative charge of adsorbent, and repulsive forces prevented the adsorption of dye by the adsorbent. In this study, the highest yield was achieved in acidic pH, which could then be in agreement with the results of the aforementioned studies. So, the pH 2 was considered as the optimum pH. The amount of adsorbent is one of the most important parameters in the adsorption process, and plays a key role in the adsorption of pollutants (5) . Figure 4 shows the effect of adsorbent concentration on the removal of dyes in the constant concentration of 200 mg/L. As depicted in the figure, increasing the amount of adsorbent raises the dye removal yield. In this case, raising concentration from 1 to 10 g/L increases the removal yield from 64.15 to 83.08%. In 2012, Gholami et al. studied the removal of Black 22 from the aqueous solutions by the activated carbon prepared from the orange peel, and reported that increasing the amount of adsorbent from 0.1 to 1 g/L raises the removal yield from 87.1 to 95.2% (23). Rahmani et al. in 2012 removed the reactive Black 5 from the aqueous solutions using the adsorption on the strong basic anionic ion exchange resins. As they reported, raising the initial concentration of adsorbent from 0.2 to 1 g/100c increased the removal efficiency from 65.34 to 99.99% (6) . In 2006, Eren and Nuran Acar used the powder of activated carbon and Afsin-Elbistan ash to remove the Black 5 dye from the aqueous solutions. They reported that the increase of adsorbent amount raised the removal yield which was due to the increase of active or available surface of the adsorbent (16, 25) . In the current study, the highest yield was achieved in higher concentrations, which was then in agreement with the above research. Hence, the initial concentration of 10 g/L was chosen as the optimum concentration. In the adsorption process, the initial concentration of ions in the solution plays a key role as a driving force to overcome the resistance of mass transfer between the liquid and solid phase (5). Figure 5 depicts the initial concentration changes of dye solutions for the adsorption by the grape seed in the range of 100-700 mg/L. As illustrated in the figure, reducing the dye concentration increased the adsorption yield. In 2013, Yousefi et al. investigated the efficiency of modified wheat straw in the removal of reactive Black 5 from the aqueous solutions, and reported that increasing the dye initial concentration from 10 to 100 mg/L decreased the dye removal yield from 100 to 77.99%, while the amount of dye adsorbed raised from 2 to 15.58 mg/g. According to their research findings, this reduction in removal yield could be due to a decrease in adsorption sites in comparison with the entrance dye molecules (5). In 2012, Rahmani et al. used the strong basic anionic ion exchange resins to remove the reactive Black 5 from the aqueous solutions. As they reported, increasing the dye initial concentration decreased the removal efficiency, hence the increase of concentration from 50 to 300 mg/L resulted in a reduction in the removal efficiency from 99.97 to 24.40% (6) . In addition, it was revealed that in higher concentrations, the molecules competed with each other to reach the adsorption sites, and the adsorption rate decreased. In this study, the highest yield was achieved in lower concentration which could then again be in agreement with the results of abovementioned research. Therefore, the initial concentration of 200 mg/L with the yield of 83.08% was considered as the optimal concentration. The contact time is one of the effective factors on the adsorption process (15) . Figure  6 shows the effect of optimum contact time on the Black 5 adsorption at pH 2 in the concentration of 200 mg/L. As depicted in Figure 6 , the increase of contact time raises the dye removal yield. Özçimen and ErsoyMeriçboyu in 2009 studied the removal of copper from the aqueous solutions using the activated carbon obtained from chestnut bark and the grape seed. They reported that raising the contact time increased the removal yield. They also found that the time needed for reaching the equilibrium was 90 and 120 min for the chestnut bark and the grape seed, respectively (10, 13) . In 2013, Ghaneian et al. investigated the efficiency of flower powder of crap plant in the reactive Blue 19 removal from the synthetic wastewater. They reported that increasing contact time raised the dye removal. In this case, the highest dye removal yield was obtained in the first 30 min, which was then due to a decrease in solution concentration and the active sites on the adsorbent surface (16, 26) . In 2016, Mousavi et al. studied the isotherm adsorption and the effective factors on the methylene blue removal using the activated carbon prepared from the grape leaves. They reported that increasing the contact time from 10 to 110 min raised the dye removal percentage (14, 26) . Furthermore, an increase in contact time raised the collision chance of pollutants with the adsorbent, leading to an increase in the pollutant adsorption by the adsorbent. In this research, the yield of 83.08% was achieved at t = 120 min which is also consistent with the results of the aforementioned studies. So, the contact time of 2 h was chosen as the optimum contact time. As depicted in the Figure 7 , decreasing the temperature raises the adsorption. In 2015, Gholinejad et al. performed the Ag/CMK-3 nanocomposite to remove the methyl orange G. Based on their results, increasing the temperature from 30 to 60 C reduced the adsorption on the surface of nanoadsorbent. They reported that this reverse effect was due to the exothermic nature of adsorption reaction (17, 27) . In addition, it was revealed that an increase in temperature not only weakened the physical bonds between the dye and carbon adsorbents, but also raised the dye solubility. As a result, the physical bonds between the dye molecules and water were stronger than their bonds with the adsorbent surface. So, the adsorption decreased by increasing temperature. In this study, the highest removal yield was obtained at 27 C, which is a result in line with the results of the abovementioned research. The adsorption isotherms depict the molecular part of the adsorbent in the equilibrium condition between the liquid and solid phase. These isotherms describe the behavior of adsorbed part and the adsorbent, and also provide the most important adsorption model (1) . In Figures 8 and 9 , the Langmuir and Freundlich adsorption isotherm models have been investigated. It is illustrated that the dye adsorption follows the Langmuir isotherm. Khalid Z. Elwakeel removed the reactive Black 5 from the aqueous solutions using the magnetic chitosan resin, and reported that the dye adsorption followed the Langmuir isotherm (28) . In 2013, Radaie et al. studied the reactive Blue 19 dye adsorption using the activated carbon prepared from the pomegranate waste, and achieved the highest amount of correlation coefficient (R 2 0.955) (29) . In another study conducted by Ghaneian et al. in 2014 , the powder of jujube stems were used to remove the reactive Blue 19 dye, resulting in the fact that dye adsorption follows the Langmuir isotherm, hence the R 2 was obtained about 0.9 and 0.91 in the concentrations of 25 and 50 mg/L, respectively (30) . In the present research, the adsorption of reactive Black 5 dye using the grape seed followed the Langmuir isotherm with the regression coefficient of 0.999 which was then in agreement with the results of above studies. The main aim of the current research was to investigate the removal efficiency of Black 5 dye using the grape seed via the adsorption process. The results showed that the optimum conditions were obtained when 10 g/L adsorbent and 200 mg/L dye were used at 27 C and pH = 2 during 120 min to furnish the yield of 83.08%. Also, the results depicted that the adsorption of Black 5 dye using the desired adsorbents has been influenced by different parameters, such as pH, the amount of adsorbent, the initial concentration of dye, the contact time, and the temperature, hence increasing the amount of adsorbent and contact time was documented to raise the removal yield while raising pH, the initial concentration of dye and the temperature reduced the removal efficiency. The findings also revealed that the results of adsorption equilibrium follow the Langmuir adsorption isotherm (R 2 0.999). According to the granulated structure of grape seed, the raw form was then found to be an appropriate and low-cost adsorbent in the adsorption of Black 5 dye from the aqueous environments.
